The inhibitory activity (I50) of fifteen sulfone analogs of 6-alkylthio-2-pyridyl methanesulfonates was measured against acetylcholinesterase preparations from Ageo and Izumi strains of Nephotettix cincticeps. The insecticidal activity of 6-alkylthio derivatives to both strains was highly related to the acetylcholinesterase-inhibitory activity of the corresponding sulfones when hydrophobicity factors (log h) of the molecule perhaps participating in the transport process were taken into account.
INTRODUCTION
We have observed previously2 that 6-alkylthio-2-pyridyl methanesulfonates, their sulf oxides and sulfones are insecticidal, and that some of the sulfonyl analogs also have potent inhibitory activity against acetylcholinesterase prepared from the Ageo (susceptible) and Izumi (resistant) strains of Nephotettix cinctices, whereas the corresponding alkylthio compounds do not. In our quantitative analyses of structure-insecticidal activity relationships of 6-alkylthio compounds in both strains using various physicochemical parameters, the activity was governed similarly in the two strains by the hydrophobicity of the molecule, although it varied parabolically with the optimum alkylthio substituents at C3-C4 alkyl groups. There was a difference in the steric effect of 6-substituents between the two strains: the steric effect of the alkyl group in 6-alkylthio substituents on the activity against the Izumi (resistant) strain was more complex than that against the Ageo (susceptible) strain. In the activity against the Izumi strain, there seemed to be an optimum range in size for the alkyl group, beyond which the activity decreases more sharply than against the Ageo strain.
Recently we prepared fifteen 6-alkylsulf onyl-2-pyridyl methanesulfonates and measured their inhibitory activity (I5o) against acetylcholinesterase preparations from the abovementioned two strains of N. cincticeps, aiming to analyze the activity related to physicochemical structural parameters as well as the insecticidal activity of corresponding 6-alkylthio-2-pyridyl methanesulfonates. We also examined correlations between the species. Our finding: the insecticidal mechanism of sulfides is based on the acetylcholinesterase 
Synthesis of Compounds
Sulf ones shown in Table 2 were prepared by the oxidation of the corresponding sulfides, 6-alkylthio-2-pyridyl methanesulf onates, as previously reported.
Biological Tests
The insecticidal activity of 6-alkylthio compounds to the two strains of Nephotettix cincticeps, determined previously in terms of log1/LD5o (mol/g insect) by topical application, is relisted in Table 1 . The antiacetylcholinesterase activity of the corresponding sulf onyl compounds was measured by the method previously reported.
The log 1/150 (M) against preparations from homogenates of the Ageo and Izumi strains of N. cinctice fps is listed in Table  2 .
Hydrophobicity of Compounds
The log value of capacity factor k evaluated from retention time by reversed-phase HPLC was used as a hydrophobicity index in quantitative structure-activity relationship analysis. The log k value of 6-alkylthio compounds was measured previously at the H2O/MeOH (3/7, v/v) of mobile phase. For the value of 6-alkylsulf onyl analogs, the mobile phase was H2O/MeOH (1/1,v/v).
All the other conditions were the same as previously reported. Thus, their logk value was designated as log k002.
RESULTS

Quantitative Structure-Activity Relationships
in A ntiacetylcholinesterase Activity of 6-Alkylsulfonyl-2-pyridyl Methanesulfonates The antiacetylcholinesterase activity of 6-R-S02-substituted 2-pyridyl methanesulfonates to enzyme preparations from the Ageo and Izumi strains of N. cincticeps varied with the alkyl (R) substituent, as shown in Table 2 . The quantitative relationships between the activity index in terms of log (1/150) and physicochemical parameters of these methanesulf onates were examined. Since analogs having singly branched alkyl substituents as R seemed to be more potent than their corresponding isomers, we estimated that there should be optimum steric characteristics. Analyses with various steric parameters along with the hydrophobicity parameter expressed by log ks02 showed that the steric constant corrected by Hancock (Es) was the best to explain the activity variations, with which Eqs. (1) and (2) were derived. The Hancock steric constant (Es) 4 was originally defined to correct possible hyper-conjugation effect of the a-hydrogen atom involved in the Taft E2, but it was lately found not to be related to the correction of hyperconj ugation but to represent the steric bulk as well as the effect of a-branching of substituents.6) Acetylcholinesterase Inhibition of 6-R-S02-Substituted 2-Pyridyl Methanesulfonates against the Ageo Strain In these and the following equations, n is the number of compounds, s the standard deviation, r the multiple correlation coefficient, and Fv1 the F value of correlation where p1=m and p2=n-m-1:rn is the number of independent variables used in correlation. The figures in parentheses are 95% confidence intervals of the corresponding constant.
From Eqs. (1) and (2), optimum Es values were estimated to be almost the same: -1.35 for the Ageo strain and -1.44 for the Izumi strain. The negative coefficient of the log k802 term in Eq. (1) means that the activity to the susceptible strain decreases with an increase in hydrophobicity of the molecule.
Quantitative Relationships between Insecti-
cidal and Anticholinesterase Activities Relationships between the insecticidal activity of 6-R-S-substituted 2-pyridyl methanesulfonates (1-13, 15 and 16) and the antiacetylcholinesterase activity of the corresponding sulf one derivatives (19-33) were formulated by Eqs. Eqs. (3) and (4) indicate that the insecticidal activity of sulfide to both strains is highly related to the acetylcolinesterase inhibition of corresponding sulf one when the hydrophobicity factor of the molecule is taken into account. Without addition of log k terms in Eqs. (3) and (4), the correlation was much poorer: s=0.454 and r=0.563 for the Ageo strain, and s=0.418 and r=0.713 for the Izumi strain, respectively.
3. Quantitative Structure-Activity Relationships in Insecticidal Acitivity of 6-Alkylthio-2-pyridyl Methanesulfonates As mentioned above, the acetylcholinester- ase-inhibitory activity in terms of log (1/150) of sulf ones showed a good correlation when the ES value was used as a steric effect parameter. In our previous analysis2 of the structureinsecticidal activity correlation of 6-R-Ssubstituted compounds, the STERIMOL B1 and B5, 70 and the Taft E09 1 were used to describe the steric effect. Thus, the correlations were reexamined by using Es values without omitting and compounds in Table 1 Collinearity between variables is shown in Table 3 . Both Eqs. (5) and (6) indicate that variations in the activity are parabolically related to the hydrophobicity as well as the steric bulk including the a-branching factor of R. The optimum values of log k and Es in Eq. (5) 
DISCUSSION
From the above comparative correlations, we concluded that the insecticidal activity of the 6-alkylthio compounds is indeed due to the antiacetylcholinesterase activity of the corresponding 6-alkylsulfonyl derivatives.
The steric parameter terms are almost identical between Eqs. (1) and (2), indicating that steric demand expressed by the bulk and the a-branching of the alkyl moiety of substituents is very similar in the two strains as far as the antiacetylcholinesterase activity of 6-alkylsulf onyl compounds is concerned. The susceptible enzyme could accomodate the inhibitor sterically in a manner similar to the Izumi (resistant) enzyme. The fact that the negative hydrophobic term was required only for the inhibition against the Ageo (susceptible) strain in Eq. (1), however, shows a difference in the enzyme inhibition process between the strains. The active site of the susceptible enzyme may be more hydrophilic than that of the resistant enzyme. The antiacetylcholinesterase activity of o-, m-and p-substituted phenyl N-methylcarbamates against smaller brown planthoppers was related to the hydrophobicity (n) of substituents, and the coefficient of the 71 terms of p-substituents was negative, whereas those of o-and m-substituents was positive.
It is suggested that p-substituents interact hydrophobically with a region lacking in continuity with regions interacting with o-and m-substituents so as to oppose the interaction of the carbamoyl group with the active serine OH of the enzyme, ll
Equations (3) and (4) show that the insecticidal activity of the 6-alkylthio compounds is governed by the enzyme inhibition of the corresponding sulf onyl derivatives as well as the transport factor of the applied 6-alkylthio compounds expressed by the quadratic terms (s) of log k. The partial regression coefficient of log (1 /I5o) term in Eq. (3) for the Ageo strain is 0.246 whereas that in Eq. (4) for the Izumi strain is 0.626. Exclusive of the transport factor, contribution of enzyme inhibition to Table 3 Squared correlation (r2) matrix for variables used to derive Eqs. (5) and (6) . the insecticidal activity was much lower in the susceptible strain than in the resistant strain. The difference between the sensitive and resistant strains was actually reflected in the difference in intercept and transport terms in Eqs. (3) and (4) . The intercept in Eq. (3) for the susceptible strain is greater by about 3. 5 than that in Eq. (4) for the resistant strain. Furthermore, the higher the hydrophobicity of the molecule from log k=0, the lower the insecticidal activity against the resistant strain in Eq. (4), whereas the insecticidal activity against the susceptible strain is enhanced until it reaches about 0.22 in Eq. (3). These factors in combination seem to reduce the insecticidal activity to the resistant strain. No steric parameter was required in Eqs. (3) and (4), suggesting that no specific steric effect is operative in the metabolic oxidation mechanism of 6-alkylthio substituents leading to the corresponding 6-alkylsulf onyl groups, which is regarded as the molecular species responsible to enzyme inhibition. However, it is also possible that differences in metabolism, including activation from sulfide to sulfone, or detoxication by hydrolysis of sulfone in the two strains are not separated in Eqs. (3) and (4).
Equations (5) and (6) show that the optimum hydrophobic and steric natures of the 6-alkyl moiety of the molecule for insecticidal activity are very close in the susceptible and resistant strains. However, this result is regarded to occur after compensation of factors governing the underlying unit processes. In the final enzyme inhibition, hydrophobicity of the molecule has a negative effect on the susceptible strain. In the transport process, hydrophobicity is to a certain extent more favorable to the susceptible strain than to the resistant strain. These effects on overall insecticidal activity in total do not appear in Eqs. (5) and (6) . The most significant difference between Eqs. (5) and (6) is that the coefficient value of the (E)2 term of Eq. (6) for the resistant strain is about twice more negative than that of Eq. (5). This means that the overall insecticidal activity decreases more sharply in the resistant strain than in the susceptible strain to the steric effects at the both sides of the optimum values. This difference is not due to the difference in enzyme inhibition but attributable to the difference that arises as the total of overall activity.
In summary, physicochemical factors governing the variations in overall insecticidal activity of this series of compounds are similar in the two strains. In this respect the 6-cyclopropylmethylthio derivative (14), whose Es and log k values are close to their respective optimum values, seems to be an optimized compound.
